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Historically, Environment Ontario and other North 
American environmental agencies have been dealing with 
contaminants as pollutants in their own right, concerned with 
their potential "localized" and "community" effects. 

However, acidic precipitation studies to date have 
demonstrated that the precursors, SO2 , sulphates, and 
nitrates, are from sources which, in many cases, are distant 
from the sensitive receptor lakes. The severity of this 
problem of long range transport of air pollutants into Ontario 
became apparent to Ontario scientists when they began to 
analyze the results from several special studies, in 
particular, the Sudbury Environmental and Lakeshore Capacity 
Studies. Both of these geographically intensive programs 
measured atmospheric pollutants and quantified the proportion 
which, as a consequence of various physical and chemical 
means, ultimately end up in sensitive terrestrial and aquatic 
ecosystems. 

In particular, these studies indicated that, when using 
contemporary monitoring and analytical techniques, the 
secondary or evolutionary pollutants associated with primary 
emissions of particulates and SO2 were being deposited in 
large measure by the rain falling over extensive portions of 
the province with adverse effects on Ontario's very sensitive 
environment. 

In response to the seriousness of this situation and 
recognizing its similarity with the Scandinavian problem, the 
Ontario Government initiated a major long range transport of 
atmospheric pollutants or "acidic precipitation" program in 
1979. 

The overall mandate of the program is "to protect 
Ontario's environment from the detrimental effects of acid 
precipitation and other air pollutants subject to long-range 
transport" . 

Because of the extensive environmental effects associated 
with the acid rain problem, Ontario's A.P.I.O.S. research 
program involves the participation of several provincial 
Ministries, with the Ministry of the Environment in the lead 
role. The Ministry of Natural Resources is cooperating 
extensively in the studies of fisheries and forestry effects. 
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The results of our scientific research to date include 
the following: 

Atmospheric Processes Studies 

* A sulphate wet deposition rate of 20 kg ha~ 1 yr~1 is 
currently exceeded in all of central and southern Ontario. 
The observed deposition pattern, with high values in the 
southern portion of the province, when merged with other 
Eastern North American data, suggests that the responsible 
emission source area is the northeastern U.S.A. 

° On a province-wide basis, the annual dry deposition rate of 
sulphur is approximately one-quarter of the wet deposition 
rate, although in the southernmost portions of the 
province, the importance of sulphur dry deposition is 
greater (being about 50% of the wet deposition). Again, 
the air concentration and dry deposition pattern indicate a 
source area to the south of Ontario. 

The contribution of nitrates to acid loadings in the 
province is comparable to that of sulphates. 

The largest source area in the province - the nickel 
smelters at Sudbury - contributes a relatively small 
portion of the total atmospheric deposition of acidity and 
sulphates. Thus, control of the Sudbury smelters alone 
will result in only slight decreases in deposition at 
receptors in Ontario. Meteorological analysis indicates, 
for example, that the Sudbury contribution is about 15% or 
less of the total for wet deposition and 40% or less for 
dry deposition of sulphur oxides in Ontario. 

* Much of the atmospheric deposition of acidifying substances 
is due to sources to the south of the province. The 
highest sulphate wet deposition at receptors in southern 
Ontario near the Canada-U.S. border (more than one-half the 
total), for example, is associated with air parcels coming 
from the direction of high emission density areas in 
Indiana, Ohio and Pennsylvania. At these receptors, 
sulphate wet deposition attributable to Ontario sources is 
14% or less. 

* Statistical and trajectory mathematical models describing 
long-range transport and acidic deposition have been 
completed and peer-reviewed and extensively applied in 
control strategy studies by the Ministry of the 
Environment. The models indicate that contribution of 
U.S. sources to wet sulphur deposition at Muskoka and 
southern Quebec are 50% and 30% respectively. 

Model results indicate that reducing SO2 from Canadian 
sources alone will not enable us to meet the target of 20 
kg/ha-yr of wet sulphate deposition at all sensitive 
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receptors in Canada, U.S. SO2 sources also need to be 
controlled if this target is to be met at all sensitive 
receptors in Canada. 

Aquatic Effects Studi es 

In central Ontario, acidic deposition derived from 
anthropogenic SO2 emissions is the primary causal factor in 
recent lake acidification and a reduction in the 
anthropogenic emissions affecting this area will result in 
a decrease in lake acidity. 

Although there are few acidic lakes (i.e. alkalinity K. 0) 
outside of the Sudbury region, there are a great number of 
very sensitive lakes and streams throughout the Precambrian 
part of southern Ontario. 

Short-term acidification (that is, the reversible loss of 
alkalinity resulting from episodes or events such as 
snowmelt or storms) is a commonplace occurrence in the 
Precambrian part of southern Ontario. After natural 
dilution is accounted for, sulphuric acid is usually the 
major cause of short-term acidification, although nitric 
acid is, in a few isolated cases, more important. 
Springtime pH depressions associated with snowmelt effects 
are very widespread in Ontario. 

Long-term acidification (that is, the gradual decline in 
alkalinity measured on an annual basis) is occurring very 
slowly with little or no measurable change observed in 
lakes and streams studied over five to nine years. The 
time-scale for acidification can probably be measured in 
decades. 

Sulphate has become the dominant anion in almost all waters 
in Precambrian southern Ontario. 

6 Reductions in lake acidity follow reductions in SO2 
emissions within a short time frame. 

Organic acids contribute to the acidity of some lakes and 
streams but do not contribute significantly to short-term 
acidification and are not, in general, a major factor in 
the acidification process. 

In addition to strong acids, substantial amounts of trace 
metals are supplied to lakes and catchments via long-range 
atmospheric transport. Lead, cadmium and zinc are of 
particular concern, with most lead of anthropogenic origin 
(fuel combustion) averaging about 700 kg km -2 over southern 
Ontario. Total lead fluxes are 100 to 500 times greater 
than natural fluxes. 

In a survey of approximately 4,500 Ontario lakes, it was 
found that 4.2% were acidified (alkalinity K. yueqL -1 ) and a 
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further 16.7% were extremely sensitive to acidic deposition 
{ alkalinity ^ /jeqL"^ and < 40 ^ueqL - ^ ) . 

The effects of acidification on aquatic biota are primarily 
a result of the toxic effects of hydrogen ion and inorganic 
monomeric aluminum. 

Early life stages of several amphibians are affected by 
H + /Al concentrations that are observed in many lakes, 
streams and ponds. 

There are no apparent effects of acidification on either 
the zooplankton or macrophyte populations of lakes other 
than those in the Sudbury area. Some benthic stream 
invertebrates (mayflies, chironomids) are affected by 
observed H + /Al levels, while others (caddisf lies , 
blackflies) are not. 

Phytoplankton community structure is very different in 
acidic lakes (i.e. a much higher proportion of 
dinof lagellates which are not likely very food-chain 
functional). Phytoplankton biomass is not altered directly 
by acidification but may be indirectly affected by nutrient 
availability. 

Among phytoplankton species showing different pH and 
alkalinity tolerances are many species of diatoms and 
scaled chrysophytes whose identifiable remains are 
"preserved" in lake sediment. These methods are being 
worked out with application to a large calibration lake set 
(55 lakes). Application to cores from selected lakes is 
planned to determine rate of change of lakewater acidity. 

The odour producing species Chrysochromul ina breviturrita 
has been shown in field and laboratory studies to grow well 
over a pH range of 4.5 to 6.9. This species has also been 
shown to have an unusually high selenium requirement. The 
hypothesis is that blooms will occur in low pH lakes 
receiving adequate supplies of selenium and sulphate (Se 
and S are chemical analogues). 

Some species of filamentous algae forming large masses in 
shoreline areas of lakes have been shown in laboratory and 
field studies to grow best at low pH. Although data are 
still preliminary, growth appears to be enhanced by 
acidification and reversed by neutralization. 

The sensitivity of the major species of fish in southern 
Ontario waters to strong acid and aluminum follows the 
sequence: common shiner y white sucker > walleye ^ lake 
whitefish > lake trout ^ smallmouth bass > brook trout. 
The first five of these species are affected in the 
laboratory at concentrations that are observed in lakes and 
streams. 
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In Ontario, both habitat and fish communities have been 
lost near point source emissions such as Sudbury and Wawa. 

Recent improvements in water chemistry coincident with the 
reduction of emissions from Sudbury area smelters and the 
resumption of recruitment by some fishes indicate that 
habitat losses can be reversed if emissions are reduced. 

In a survey of approximately 55% of Ontario's 2,218 lake 
trout lakes, it was found that 6% were acidified 
(alkalinity K /jeqL -1 ) and 6.3% had pH levels<5.5, a level 
of pH below which lake trout populations do not recruit 
successfully. 

* Fish species richness (as species number) was found to 
decline with decreasing pH from pH 6.3. Thirty and one 
half percent of all lakes sampled have pH^6.3 and hence 
may be limited in species richness by acidity. 

Ground waters from some domestic wells completed in sands 
and gravel are acidic. This acidity is caused by dissolved 
CO2 and not by acidic precipitation. 

The residence time and flow path of water in the ground 
influence the acidity of the water. In the calibrated 
watersheds, deep ground waters that have passed through the 
deeper geologic zones are buffered better than shallow 
ground waters. 

Application of limestone or limestone slurry is an 
effective and cost efficient method of neutralizing lakes 
affected by acidic precipitation. 

Neutralization of two study lakes to alkalinities typical 
of many shield lakes did not cause adverse impacts on 
benthic or fish communities. 

Terrestrial Effects Studies 

The results of simulated acid rain experiments with 
agricultural crops illustrate that plant response to 
simulated acid rain treatments is not only species 
dependent but also strongly cultivar dependent. Rainfall 
pH between 3.0 and 4.2 may have a negative effect, a 
positive effect or no effect on plant growth. Results have 
also indicated that plant response to simulated acid rain 
treatments is dependent on several factors: 

a) rain characteristics (treatment application rate and 
duration of event); 

b) disease and pests; 

c) environmental conditions (high temperature, drought); 
and 

d) interactive stress from air pollutants (ozone, sulphur 
dioxide and nitrogen oxides) . 
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The chemistry of lichen and moss tissue is influenced by 
regional pollution and contaminant sources as well as by 
long range transport associated with acidic deposition. 

There are elevated sulphur levels in lichen and moss tissue 
in southern Ontario. There is also a paucity of lichens in 
southern Ontario which can be ascribed to pollution and 
habitat disturbance. 

Naturally acidic soils (i.e. podzolic) are not as 
susceptible to changes in pH as less acidic soils such as 
brunisols. 

Acidic soils with a pH below 4.2 are subject to aluminum 
solubilization. 

Podzolic soils treated with acid rain simulants tend to 
adsorb added sulphate and nitrate becomes the mobile anion 
in leachates. Conversely, in natural forest soil systems, 
nitrate tends to be conserved in the soil and sulphate 
becomes mobile in drainage waters. 

Base cation content and carbonates are the most important 
chemical parameters when assessing soil sensitivity. Depth 
and texture are the most important physical parameters 
which determine the contact time between percolate and soil 
particles. Retention soil moisture within the soil matrix 
determines the degree to which chemical exchange between 
soil and water can occur. 

Throughfall is enriched in nutrient and trace elements as 
compared to incident precipitation. Enrichment of S04 = 
under conifers is greater than under hardwoods under 
similar atmospheric deposition. Enrichment of S04 = in 
throughfall is higher in areas of higher atmospheric 
deposition. 

Conifers, as a rule, induce a pH depression of throughfall 
water while hardwood species elevate the pH. These changes 
are on the order of a tenth of a pH unit. 

Shrubs contribute significantly more to the alteration of 
throughfall water, amplifying the role of the tree canopy 
in precipitation alteration. 

Stemflow is even more enriched in nutrient ions and trace 
elements. As with throughfall, the species of the tree 
bole has an influence on the degree of this enrichment. 
Stemflow differences between conifers and hardwoods are 
highly pronounced. Conifer boles can depress incident 
precipitation pH by one half to one full pH unit. Hardwood 
boles have the opposite effect. 

Nitrogen compounds tend to be conserved by the tree canopy 
and bole, the reverse trend of other nutrient ions. 
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Soil leachate sampled at various horizons in a podzolic 
soil is more acidic (lower pH) than soil leachate from a 
brunisolic soil. Also, concentrations of SO4 - and Al in 
the podzolic soil leachate are higher. 

Sulphate concentrations in soil leachate are elevated 
following rain episodes which follow prolonged dry periods, 
possibly resulting from sulphur oxidation in the soil 
during the dry period. 

Nitrate in soil leachate is only detectable in the early 
spring or late fall, corresponding to tree dormancy 
periods. Therefore, nitrate is not an important mobile 
anion during the growing season. 

Despite weight losses due to decomposition of leaf litter, 
contents of N and K are elevated in decomposition litter 
bags. Presumably, such gain is due to microbial 
immobilization and/or adsorption at exchange sites. 

The current outbreak of sugar maple decline in the Muskoka 
area first became evident about 1978. 

Although some degree of decline was observed on maples in 
all age classes, it was most pronounced on older trees and 
trees which had been tapped for maple syrup production or 
otherwise wounded. 

Site nutrient deficiencies were not implicated in the 
decline of sugar maple. 

The soil at the Muskoka sugar maple sites was acidic and 
contained high amounts of soluble aluminum. 

Declining sugar maple trees in Muskoka suffered extensive 
root death and the fine roots had significantly higher 
aluminum concentrations than fine roots of healthy trees. 

A foliar chemical gradient was detected with reduced 
elemental concentrations in the tops of the tree crowns at 
Muskoka. 

Annual growth rings for both healthy and declining sugar 
maple trees were very narrow during two years of forest 
tent caterpillar defoliation. 

Subsequent to the collapse from the insect epidemic, growth 
recovered in the healthy trees but not in the declining 
trees. 

Incremental growth in the declining tree population 
appeared to be falling relative to the healthy trees for 20 
years prior to caterpillar infestation. 



- 8 - 



Early season droughts during the two years of insect 
defoliation (1976 and 1977) and again in 1983 and root 
infections by Armillaria mellea were some of the 
contributing factors to the tree decline. 

Acidic precipitation is considered to be an additional 
stress to the severe insect attacks and the spring 
droughts. Armillaria mellea root rot, tree age and site 
management are also contributing factors. 
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1985 

Air Concentration and Dry Deposition Fields of Pollutants in 
Ontario, 1982. APIOS Report No. 001/85. 

Annual Statistics of Concentration and Deposition - Cumulative 
Precipitation Sites in Industrial/Urban Areas in Ontario, 
1981 and 1982. APIOS Report No. 005/85. 

Bryophyte Floras of Acid-Sensitive Lakes in South-Central 
Ontario: Description and Mechanisms of Sphagnum Invasion. 
G.C. Manville and N.D. Yan. APIOS Report (in press). 

Cumulative (28 Day) Precipitation Chemistry Listings of Sites 
in Industrial/Urban Areas in Ontario, September 1980 
January 1983. APIOS Report No. 003/85. 

The Morphometry and Geology of Plastic and Heney Lakes and 
Their Catchments. R. Girard, R.A. Reid and W.R. Snyder. 
Ont. Min. Envir. Data Report DR 85/1. 

1983 Daily Precipitation Chemistry Listings. APIOS Report 
No. 004/85. 

Ontario Soil Baseline Survey Analytical Data 1980/81. APIOS 
Report No. 002/8 5. Three Volumes. 

Quality Assurance Manual. Acidic Precipitation in Ontario 
Study (APIOS) Deposition Monitoring Networks. APIOS Report 
No. 006/85. February 1985. 

Temperature and Oxygen Data for the Muskoka-Haliburton Study 
Lakes (1983-1984). R.A. Reid and R. Girard. Ont. Min. 
Envir. Data Report DR 85/2. 

Temperature, Oxygen, pH and Dissolved Inorganic Carbon Data 
Summary For Eight Lakes in the Muskoka-Haliburton Study Area 
(1982-1984). R. Girard and R.A. Reid. Ont. Min. Envir. 
Data Report 8 5/3. 

1984 

An Analysis of the Effects of the Sudbury Emissions Sources on 
Wet and Dry Deposition in Ontario. A.J.S. Tang and W.H. 
Chan, APIOS Report No. 011/84. 

Annual Program Report - Fiscal Year 1982/1983. APIOS Report 
No. 001/84. 

Annual Program Report - Fiscal Year 1983/1984. APIOS Report 
No. 010/84. 
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1984 (continued) 

Annual Statistics of Concentration, Cumulative Ambient Air 
Monitoring Network, 1982. APIOS Report No. 015/84. 

Annual Statistics of Concentration and Deposition - Cumulative 
Precipitation Monitoring Network, 1982. APIOS Report No. 
008/84. 

Annual Statistics of Concentration and Deposition - Daily 
Precipitation and Air Monitoring Network, 1982. APIOS 
Report No. 009/84. 

Cumulative Ambient Air Concentration Listings August 31, 1981 
- January 4, 1983. APIOS Report No. 013/84. 

Cumulative (28 Day) Precipitation Chemistry Listings - January 
5, 1982 - January 4, 1983. APIOS Report No. 003/84. 

The Economics of Acid Precipitation: A Review of Socio- 
Economic Methods to Assess Acid Deposition Effects. APIOS 
Report No. 006/84. April, 1984. 

Emission Inventory of Ontario and Eastern North America during 
1980-1983 with Emphasis on the Sudbury Shut-down Period. 
D. Yap. APIOS Report No. 016/84. 

Examination of Monthly Wet Sulphate Deposition by a Lagrangian 
Model and its Application to Study the Effects of Source 
Control on Receptors. G. Ellenton and P.K. Misra. APIOS 
Report No. 018/84. 

Macrophyte Data from 46 Southern Ontario Soft Water Lakes of 
Varying pH . G.G. Hitchin, I. Wile, G.E. Miller and N.D. 
Yan. Ont. Min. Envir. Data Report DR 84/2. 

Meteorological Studies to Quantify the Effects of Sudbury 
Emissions on Precipitation Quality and Air Quality During 
1980-1983 with Emphasis on the Shut-down period. J. Kurtz 
and D. Yap. APIOS Report No. 017/84. 

1982 Daily Ambient Air Concentration Listings. APIOS Report 
No. 004/84. 

1982 Daily Precipitation Chemistry Listings. APIOS Report 
No. 002/84. 

An Overview of the Cumulative Wet/Dry Deposition Network. 
APIOS Report No. 007/84. 

An Overview: The Cumulative Wet/Dry Deposition Network. 
W.H. Chan, D.B. Orr and R.J. Vet. APIOS Report No. 005/84. 
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1984 (continued) 

Physical and Chemical Data Summary for Twelve Selected Lakes 
in the Muskoka-Haliburton Area (1981-1983). R.A. Reid, 
B.A. Locke, G.E. Girard and A.C. Nicolls. Ont. Min. Envir. 
Data Report DR 84/1 . 

Precipitation Concentration and Wet Deposition Fields of 
Pollutants in Ontario, 1982. APIOS Report No. 012/84. 

Quality Assurance Plan - APIOS Deposition Monitoring Program. 

Summary: Source Apportionment Analysis of Air and 
Precipitation Data to Determine Contribution of the Sudbury 
Smelters to Atmospheric Deposition in Ontario. M.A. Lusis. 
APIOS Report No. 019/84. 

1963 

Acid Sensitivity Survey of Lakes in Ontario. APIOS Report 
No. 001/83. 

Acidic Precipitation in Ontario Study - Technical and 
Operating Manual, APIOS Deposition Monitoring Program. 
W.S. Bardswick. April 1983. 

Annual Statistics of Concentration and Deposition - Cumulative 
Precipitation Monitoring Network, 1981. R.W. Kirk. August 
1983. APIOS Report No. 008/83. 

Annual Statistics of Concentration and Deposition - Daily 
Ambient Air Monitoring Network, 1981. R.W. Kirk. September 
1983. 

APIOS Daily Precipitation Chemistry Listings, July 15, 1980 - 
December 31, 1981. Revised Edition January 1983. 

APIOS Monthly/28 Day Cumulative Precipitation Chemistry 
Listings, June 1980 - December 1981. March 1983. 

Area Source Emission Inventory for Nitrogen Oxides in Ontario 
by Ontario Research Foundation for MOE. Final Report 
(Proposal No. p-4261/G). September 1983. 

Crustacean Zooplankton Communities of the Muskoka-Haliburton 
Study Lakes: Methods and 1976-1979 Data. G.G. Hitchin and 
N.D. Yan. Ont. Min. Envir. Data Report DR 83/9. 

Daily Ambient Air Concentration Listings, July 25, 1980 - 
December 31, 1981. May 1983. 

Depth and Volume of Strata in the Muskoka-Haliburton Study 
Lakes (1976-1982). R. Girard, B.A. Locke and R.A. Reid. 
Ont. Min. Envir. Data Report DR 83/10. 
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t983 (continued) 

Geology and Geochemistry of the Muskoka-Haliburton Study 
Area. D.S. Jeffries and W.R. Snyder. Ont. Min. Envir. Data 
Report DR 83/2, 

Hydrological Data for Lakes and Watersheds in the Muskoka- 
Haliburton Study Area (1976-1980). W.A. Scheider, CM. Cox 
and L.D. Scott. Ont. Min. Envir. Data Report DR 83/6. 

The Macrophyte Flora of 46 Acidified and Acid Sensitive Soft 
Water Lakes in Ontario. I. Wile and G. Miller. Ont. Min. 
Env. Tech. Rep. 

Meteorological Analysis of Precipitation Event Sampling Data 
(July 1980 - December 1981). J. Kurtz. June 1983. 

Morphometry of the Muskoka-Haliburton Study Lakes. A. 
Nicholls, R. Reid and R. Girard. Ont. Min. Envir. Data 
Report DR 83/3. 

1981 Summary Statistics of Observed Concentration and 
Deposition: Daily Precipitation Monitoring Network. R.W. 
Kirk and W.H. Chan. June 1983. 

Oxygen Profiles on the Muskoka-Haliburton Study Lakes 
(1976-1982). R.A. Reid, R. Girard and B.A. Locke. Ont. 
Min. Envir. Data Report DR 83/5. 

A Performance and Systems Audit of the Acidic Precipitation in 

Ontario Study Monitoring Networks, Volume 1 and Volume 2 

(Appendices). Submitted by Concord Scientific Corporation. 
ARB-69-83-ARSP. 1983. 

Phytoplankton of Lakes in the Muskoka-Haliburton Area. L. 
Nakomoto, L. Heintsch and A. Nicholls. Ont. Min. Envir. 
Data Report DR 83/8. 

Precipitation Concentration and Wet Deposition Fields of 
Pollutants in Ontario, September 1980 to December 1981. 
W.H. Chan, A.J.S. Tang and M.A. Lusis. June 1983. 

A Preliminary Study for the Compilation of a VOC Emission 
Inventory for the Province of Ontario by Concord Scientific 
Corporation for MOE. Final Report CSC 110.260. June 1983. 

Procedures Manual - Terrestrial Effects. H.D. Griffin (Ed.). 
APIOS Report No. 007/83. 

The Province of Ontario. Presentation to the Michigan Air 
Pollution Control Commission in Opposition to the Consumers 
Power Company Request to Delay Bringing its J.H. Campbell 
and B.C. Cobb Power Plants into Compliance with the Michigan 
"One Percent or Equivalent Sulphur in Fuel" Rule. Grand 
Haven, Michigan. November 28, 1983. 
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1983 (continued) 

Sediment Chemistry of Lakes in the Muskoka-Haliburton Study 
Area. P.J. Smith. Ont. Min. Envir. Data Report DR 83/7. 

Studies of Lakes and Streams: Pukaskwa National Park. J. 
Sutton, L. Maki, K.J. Deacon and G.W. Ozburn. API 003/83. 

Studies of Lakes and Watersheds in Muskoka-Haliburton, 
Ontario: Methodology (1976-1982). W.A. Scheider, R.A. 
Reid, B.A. Locke and L.D. Scott. Ont. Min. Envir. Data 
Report DR 83/1 . 

Temperature Profiles on the Muskoka-Haliburton Study Lakes 
(1976-1982). R.A. Reid, B. Locke and R. Girard. Ont. Min. 
Envir. Data Report DR 83/4. 

Total Phosphorus and Major Ion Mass Balances for Lakes in the 
Muskoka-Haliburton Study Area (1976-1980). P.J. Dillon and 
W.A. Scheider. Ont. Min. Envir. Data Report DR 83/11. 

Water Quality-Crustacean Plankton Relationships in 
Northeastern Ontario Lakes. W. Keller and J.R. Pitblado. 
API 002/83. 

1982 

Acid Sensitivity Survey of Lakes in Ontario. APIOS 003/82. 
Summer 1982. 

The Case Against the Rain: A Report on Acidic Precipitation 
and Ontario Programs for Remedial Action. Reprint with 
Supplementary Insert - Summer 1982. 

Daily Precipitation Chemistry Listings and Statistical 
Summaries July 15, 1980 - December 31, 1981. APIOS 001/82. 
Summer 1982. 

The Economics of Acid Precipitation: Ontario's Socio- 
economic Research Program. API 007/82. December 1982. 

Experimental Neutralization of a Small, Seasonally Acidic 
Stream Using Crushed Limestone. API 004/82. Summer 1982. 

Lagrangian Model of the Long Range Transport of Sulphur 
Oxides. API 008/82. Fall 1982. 

Monitoring of Lake Superior Tributaries, 1980-1981. API 
009/82. Fall 1982. 

An Overview: The Cumulative Wet/Dry Deposition Network. 
December 1982. 

An Overview: The Event Wet/Dry Deposition Network. API 
002/82. Summer 1982. 
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1982 (continued) 

The Province of Ontario. Presentation to the Michigan Air 
Pollution Control Commission in Opposition to the Detroit 
Edison Request to Delay Bringing its Monroe Power Plant into 
Compliance with the State of Michigan "1% or Equivalent 
Sulphur in Fuel" Rule. Monroe, Michigan. June 30, 1982. 

Report of the Ontario/Canada Task Force for the Development 
and Evaluation of Air Pollution Abatement Options for Inco 
Limited and Falconbridge Nickel Mines, Limited in the 
Regional Municipality of Sudbury, Ontario. December 21, 
1982. 

Standard Methods for National Wet-only Precipitation Sampling 
and Chemistry Analysis. N.R. McQuaker, P.D. Kluckner, J.E. 
Torneby, S.E. Sorba, W.H. Chan and M.E. Still. A Joint 
Report with the Federal and Other Provincial Governments. 
1982. 

A Synoptic Survey of the Acidity of Ground Waters in the 
Muskoka-Haliburton Area of Ontario, 1980. API 006/82. Fall 
1982. 

A Synoptic Survey of the Acidity of Ground Waters in the 
Sudbury Area of Ontario, 1981. API 005/82. Fall 1982. 

1981 



Acid Sensitivity Survey of Lakes in Ontario. API 002/81 . 
March 1981. 

An Annotated Bibliography: Terrestrial Effects of Acidic 
Precipitation. APIOS 003/81. July 1981. 

Chemical, Microbiological and Physical Interactions of Acidic 
Precipitation Within a Lake and its Drainage Basin. R.J. 
Flett. API 004/81. July 1981. 

An Intercomparison Study of Three Precipitation Sampling 
Networks in Ontario - APIOS, CANSAP and GLPN. R.J. Vet, 
W.H. Chan and M.A. Lusis. Report No. ARB-002-91-ARSP. 
September 1981. 

Lakewide Odours in Ontario and New Hampshire Caused by 
Chrysochromulina Breviturrita Nich. (Prymnesiophyceae) . API 
001/81. 1981. 

Ontario Ministry of the Environment. Studies of Lakes and 
Watersheds Near Sudbury, Ontario: Final Limnology Report of 
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